Summary. The removal by centrifugation of epididymal contents from mouse spermatozoa had no deleterious effect on fertilization in vitro, and, depending on the genotype of the gametes, was frequently associated with increased levels of fertility. Washing of the spermatozoa significantly improved the fertilization rate of F1 eggs with TO spermatozoa and of BALB/c eggs with BALB/c spermatozoa, but had no significant effect on F1 spermatozoa with F1 eggs.
Introduction
The role, if any, of epididymal secretions in the induction of capacitation of mouse spermatozoa in vitro has yet to be defined. Iwamatsu & Chang (1971) reported that epididymal secretions appeared to inhibit sperm penetration in vitro, but the level of fertilization obtained in the control group, i.e. lacking epididymal secretions, was so low (<10%) that interpretation of the results is difficult. Oliphant & Brackett (1973) found that addition of epididymal extracts to capacitated mouse sperm¬ atozoa markedly reduced the fertilization rate, suggesting a decapacitating effect. In contrast, Gwatkin, Andersen & Williams (1974) have suggested that epididymal secretions can induce capaci¬ tation and that, in the absence of cumulus cells, they are necessary for capacitation. In the light of these conflicting reports the following experiments were carried out to compare the fertilization rates obtained with unwashed and washed sperm suspensions. The effect of gamete genotype on the re¬ sponse to washing was also examined by using several strain combinations.
Materials and Methods
Unfertilized eggs were recovered 13 hr after administration of HCG from 8-16-week-old (C57BL/ 10 CBA) Fi or BALB/c females induced to superovulate by i.p. injections of 5 i.u. PMSG (Gestyl : Organon) and 5 i.u. HCG (Pregnyl: Organon) 48 hr later. The media and methods used for pre¬ paration of dishes were exactly those described by Fraser & Drury (1975) . Deionized water from Flow Laboratories was used to prepare the media.
Depending on the experiment, spermatozoa were recovered from 8-16-week-old outbred TO, (C57BL/10 CBA) Fj or BALB/c males. One vas deferens and one epididymis from each of two males were placed in an embryological watchglass containing 1 ml fertilization medium and 2 ml paraffin oil (Boots) which had been equilibrated overnight with 5% C02 + 5% O2 + 90% N2. Spermatozoa were gently extruded from the ducts by squeezing with watchmaker's forceps and allowed to disperse for 20 min. Two dishes of spermatozoa were thus obtained from 2 males, and to completely ran¬ domize spermatozoa the contents of the dishes were pooled. Half of the sperm suspension (1 ml) was transferred to a conical centrifuge tube and centrifuged at 650 g (MSE Minor centrifuge) for 4 min. After removal of the supernatant (Supernatant 1), the pellet (Pellet 1) was resuspended in 1 ml fertilization medium and the procedure repeated. The resuspended pellet material therefore con¬ tained concentrated washed spermatozoa.
In experiments designed to examine the effect of re-addition of epididymal secretions to washed spermatozoa, Supernatant 1 was placed in a test tube, gassed with 5% C02 + 5% 02 + 90% N2 to maintain pH, and the tube was stoppered. The resuspended Pellet 1 was divided into two aliquots of 0-5 ml and centrifuged a second time. The resulting pellets were resuspended, one in 0-5 ml fertili¬ zation medium and the other in 0-5 ml Supernatant 1. All concentrated suspensions were then diluted 1:9 and 0-5 ml of this suspension was pipetted into a dish containing paraffin oil to give afinal sperm concentration of approximately 10-30 105/ml. Eggs were released from the ampullae of the ovi¬ ducts directly into the sperm suspensions.
In all experiments gametes were incubated for 5-6 hr. Eggs were then washed twice in culture medium and transferred to 50 µ droplets of culture medium under paraffin oil in plastic culture dishes (Falcon Plastics). Eggs were examined 24 hr after mixing with spermatozoa for cleavage to the 2-cell stage and at subsequent 24-hr intervals for further development. The number of blastocysts obtained after 5 days total culture was recorded and the culture rate, defined as the number of blastocysts obtained from 2-cell embryos, was determined. Since (Snedecor & Cochran, 1967) .
Results
The sperm concentrations used in the experiments have been included with the results shown in Tables 1 and 2 ; these concentrations are within the range shown to give high rates of fertilization in this system (Fraser & Drury, 1975) . The fertilization of F! eggs with TO spermatozoa was significantly (Table 1) .
Experiments comparing the fertilizing ability of TO spermatozoa which were (A) unwashed, (B) washed and (C) washed and resuspended in epididymal secretions (Table 2) showed that there was a significant increase in fertilization rate when spermatozoa were washed (P < 001), but a significant decrease when washed spermatozoa were resuspended in Supernatant 1 (P < 0-001). (Tables 1 and 2 ), ranging from 74-90%. Within each series of experiments the range was even less. In a few experiments infection prevented completion of culture and affected embryos were not used in determining the culture rate. Earlier studies with this in-vitro system have shown that most embryos are diploid and that they can develop into viable young when transferred to pseudopregnant recipients (Fraser & Drury, 1975) .
Discussion
The present results indicate that the removal of epididymal secretions has no deleterious effect on fertilization with the strain combinations examined and may even result in an increased level of fertility. Although the spermatozoa were allowed to disperse for 20 min to achieve maximum motility (Pavlok & McLaren, 1972) , it seems unlikely that epididymal fluids would have an initial positive effect and then, rapidly, a negative one. The effect obtained after washing spermatozoa is partly dependent on the genotype of the spermatozoa since washing generally increased the fertility of those from TO mice, yet had no significant effect on those from Fi mice when both were incubated with Fi eggs. These differences cannot simply be due to strain specificity, since washing also significantly improved the fetility of BALB/c spermatozoa when tested with BALB/c eggs, although there was a gradation from no effect (Ft F!) to a slight improvement (Ft TO), to a great improvement (BALB/c BALB/c) with removal of epididymal fluid.
The beneficial effect of washing on TO spermatozoa could indicate the presence of a decapacitation factor in epididymal fluid as suggested by Oliphant & Brackett (1973) . Washing would remove the factor and resuspension of washed spermatozoa in Supernatant 1, containing the epididymal fluid, would reintroduce the factor and result in decreased fertility. This is consistent with the generally reduced fertility of spermatozoa treated in this way ( (Fraser & Drury, 1976) . F! spermatozoa, however, do not respond to washing and yet the penetration rate of unwashed spermatozoa is considerably slower, requiring 2\ hr for completion (Fraser & Drury, 1976) . These results suggest that we are not dealing simply with a decapacitation factor which must be removed before spermatozoa can fertilize.
Although Gwatkin et ai (1974) (Braden, 1958) , and the results obtained with the three strains examined in the present study demonstrate that wide variability does exist.
